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calculated as 51 Kda following amino acid analysis. The isoelectric point of the purified lipase was 7 -4 and maximal enzyme activity occurred at pH 9 -5 in glycine buffer (0.1 mol/L) containing deoxycholate (19 mmol/L), colipase (3 mg/L) and triolein (0.3 mmol/L). However, the addition of bicarbonate at a final concentration of 0.1 rnol/L decreased the pH for maximal enzyme activity and increased the lipase activity significantly. At higher concentrations of bicarbonate the lipase activity decreased. These results suggest that bicarbonate is an important regulator of lipase activity, perhaps related to an effect on the detergent properties of deoxycholate.
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There are several triacylglycerol hydrolysing lip= including pancreatic lipase (EC 3.1.1.3), hepatic lipase,' gastric lipase,2 lipoprotein lipase,, plant lipase and microbial lipase. The primary structure of these lipases is similar but their enzymic properties are different.
Pancreatic juice is a rich source of cations such as Zn2+, Ca2+ and Mg2+ and anions such as C1and HCO,-. The influence of the cations on pancreatic lipase activity has been d i s c~s s e d ,~-~ but the effects of bicarbonate (HCO,-) have not been studied. In this communication we describe a novel purification of human pancreatic lipase and studies on the influence of bicarbonate on lipase activity.
MATERIALS AND METHODS

Human pancreatic juice
Postoperative pancreatic drainage fluid was collected daily from patients with pancreatic and other disorders. Fluid was stored at -70 "C; specimens containing high concentrations of bilirubin were excluded. fractions of eluate with high lipase activity were concentrated by ultrafiltration and further purified by repeated application to a TSKG3000SW HPLC column. Lipase activity was measured using a commercial method from International Reagents on the COBAS FARA. A yield of 1-5 mg lipase was obtained from each purification.
Determination of molecular weight SDS-PAGE was performed on a 10% T-gel-slab
treated with 5% P-mercapto ethanol. Lipase (5 pg) was loaded on to the gel and electrophoresis was performed at 10 mA constant current for 90 min. HPLC was performed on an unused TSKG-3000SW column at a flow rate of 0 -2 mL/min.
Amino acid composition
Purified pancreatic lipase was hydrolysed with 6 mol/L HCI and the amino acid composition of the hydrolysate was determined with a Hitachi 835 amino acid analyser.
Determination of isoelectric point
The Phast system was used with Phast Gel IEF-8. The sample of pancreatic lipase was dialysed against deionized water and sufficient sample was used to yield an absorbance of 0.40 at 280nM. 
Determination of p H optimum
Effect of bicarbonate
Separate solutions (10 mL each) of glycine (0.4 mol/L), DOC (76 mmol/L) and NH,HCO, (0.4 mol(L) were mixed. The pH was adjusted to the required values with 1 mol/L NaOH and the volume was made up to 40mL with deionized water. Substrate stock solution and colipase were added to this buffer as described in the previous paragraph. The effect of bicarbonate was assessed both for the purified lipase and for serum lipase activity.
Effects of combinations of bicarbonate, deoxycholate and colipase
Six different substrate working solutions were prepared in glycine 
RESULTS
Retention time
Purification of pancreatic lipase
Following DEAE ion exchange chromatography a single peak of lipase activity was eluted from the cation exchange resin CM (Fig. 1 ). This fraction was concentrated and further purified by HPLC, yielding a single peak of protein coincident with enzyme activity (Fig. 2) . 
Determination of molecular weight
The molecular weight of the purified lipase was determined as 50Kda by SDS-PAGE and as 47Kda by HPLC ( Fig. 3) .
Amino acid composition
The amino acid composition of the lipase purified in this study is given in Table 1 and is compared with that previously reported." A molecular weight of 51 Kda was calculated from this amino acid composition.
Determination of isoelectric point
The isoelectric focusing pattern shown in Fig. 4 indicated a pl of 7.4 for pancreatic lipase which agrees well with the fact that lipase passes through a DEAE column (pH 7-0) but is adsorbed by a CM column (pH 6-0).
Determination of pH optimum
Maximum lipase activity was found at pH 9 -5 (Fig. 5 ) . Lipase activity declined sharply at higher pH values.
Effect of bicarbonate
In the presence of 0.1 mol/L bicarbonate the optimal pH for lipase activity decreased to 8 -0 -8 . 5 (Fig. 6) . Similar results were obtained if NaHCO, was used in place of NH,HCO, (data not shown). Using a glycine buffer of pH 8 -5
100.0 it was demonstrated that peak lipase activity occurred at a bicarbonate concentration of 0.1 mol/L (Fig. 7) , enzyme activity decreased as the bicarbonate concentration was increased to 0.2 mol/L.
Effects of combinations of bicarbonate, deoxycholate and colipase
It is apparent from Table 2 that bicarbonate activated pancreatic lipase only at pH 8-45 in the presence of deoxycholate and colipase. 
DISCUSSION
This communication describes a simple yet efficient method for the purification of pancreatic lipase from human pancreatic fluid. Characterization of the resulting purified enzyme is also described. Human pancreatic lipase is a singlechain protein, the primary structure of which has been reported previously.8 Studies using SDS-PAGE have reported a molecular weight of 48 Kda for a preparation derived from pancreatic juice9 and 49.5 Kda for recombinant lipase.'O The amino acid composition and molecular size estimates of our preparation of human pancreatic lipase agree well with these published data, reinforcing the validity of o w purification method. 378
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The isoelectric point for pancreatic lipase in our study was 7.4 which does differ from a previous r e p~r t .~ However, we believe that a PI 7 -4 is consistent with the observations that the enzyme passes through an anion exchange resin at pH 7.0 but is adsorbed by a cation exchange resin at p H 6.0.
Previous studies have reported different results for the pH optimum of pancreatic lipase. Thus two studies have reported maximum enzyme activity at pH 9.0" and pH8-8' in tris-HC1 buffer, whilst a range of pH 7.5-8.5 has been reported using a variety of other buffer systems.I2 In our study we used glycine buffer which has a pKa 2 very close to the observed pH optimum of 9.5.
The most interesting finding in this study is that the addition of 0-1 mol/L bicarbonate to the assay system reduces the pH optimum for lipase to pH 8.0-8-5 and results in increased overall enzyme activity. This appears to be an original observation, for in only one previous study has bicarbonate been used during lipase activity determination and then as part of the assay detection system rather than as an assay ~a r i a b l e .~
The explanation for the activation of lipase by bicarbonate is not clear but it must be significant that the effect was only seen when deoxycholate and colipase were present and that the effect itself depended critically on the concentration of bicarbonate used. It is known that bile acids can reduce the interfacial tension, within the narrow range of 8-9 dyne/cm, between triacylglycerol and water, and so increase gastric lipase activity.13 This effect varied with the detergent used,I3 which suggests that the ionic charge of the detergent may be critical to lipase activity. It seems possible, therefore, that bicarbonate may effect pancreatic lipase, in the presence of colipase, by modifying the ionic charge on the deoxycholate which in turn reduces the interfacial tension between the lipid substrate and the aqueous medium. It is interesting to speculate that bicarbonate may have a similar role in vivo.
We suggest that bicarbonate should be considered as a component of the assay system for determining lipase activity.
